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VARIATIONS I N  RESPIRATION  PROCESS DURING GAMMA RADIATION OF 
PLANT TISSUE 

I. P .   Pe t rash ,  L. V .  M e t l i t s k i y  
(Presented  by  Academician A. I. Oparinyy,  Secember  25,  1965). 

R e s p i r a t i o n   i n   t o m a t o   p l a n t s   o f   v a r i o u s   d e g r e e s  
o f   r i peness  i s  ana lyzed   du r ing   i on iz ing   r ad ia t ion  
doses  of 300 krad .  

According t o  numerous d a t a   i n  the l i t e r a t u r e ,   r e s p i r a t i o n  i n  p l a n t s  /711* 
is n o t   s u p p r e s s e d   e v e n   f o r   f a i r l y   l a r g e   d o s e s   o f   i o n i z i n g   r a d i a t i o n .   R e s p i r a -  
tory  gas   exchange becomes  somewhat s t r o n g e r   r i g h t   a f t e r   i r r a d i a t i o n ,   b u t  i t  soon 
r e t u r n s   t o   t h e  norm.  The a c t i v i t y  of ox id i z ing  enzymes a l so   changes   very  l i t t l e  
i n   t h i s   p r o c e s s .  However, t h e   a c t i v i t y  of a number  of  processes  connected  with 
the  expendi ture   of   energy  does become suppressed   s imul taneous ly :   the   synthes is  
of  pigments  (Refs. 1, 2) and  the  formation  of   per iderm  (Ref .  3 )  are slowed down; 
r e s i s t a n c e   t o   i n f e c t i o n ,   w h i c h  i s  i n h e r e n t   i n  a p l a n t   t i s s u e ,  i s  lowered  (Ref. 
3 )  * 

S i n c e   r e s p i r a t i o n  is  the   bas i c   sou rce   o f   ene rgy   fo r   t hese   p rocesses ,  i t  i s  
necessary   to   conduct  a more d e t a i l e d   a n a l y s i s .  

The f r u i t s  of t h e   t o m a t o   p l a n t   o f   v a r i o u s   d e g r e e  of r i p e n e s s ,   s u b j e c t e d   t o  
y - i r r a d i a t i o n  of the   dose   o f  300 krad   se rved  as the   ob jec t   o f   our   inves t iga t ions .  
Th i s  i s  o f t e n   u s e d   i n   e x p e r i m e n t a l  work  on t h e   r a d i o - p a s t e u r i z a t i o n   o f   f r u i t s .  

Also i n   o u r   e x p e r i m e n t s   t h e   i n t e n s i t y   o f   r e s p i r a t i o n  w a s  somewhat enhanced 
o n l y   d u r i n g   t h e   f i r s t  f e w   d a y s   a f t e r   t h e   i r r a d i a t i o n .   N e i t h e r   d i d  w e  d i scover  
any   suppress ion   of   the   ac t iv i ty  of a number of ox id i z ing  enzymes:  cytochromox- 
idase,   ascorbinoxidase,   peroxidase,   and  polyphenoloxidase  (Table  1). On t h e  
con t r a ry ,  w e  n o t i c e d  a s i g n i f i c a n t   a c t i v i z a t i o n   o f   p e r o x i d a s e ,   e s p e c i a l l y   i n  
green   and   whi t i sh   f ru i t s .   Po lyphenoloxidase  w a s  s l i g h t l y  active,  but  even i t  
w a s  n o t   i n a c t i v a t e d   b y   t h e   i r r a d i a t i o n .  

The da ta   on  the i n t e n s i t y  of r e s p i r a t i o n   p r e s e n t  l ittle information  on i t s  
q u a l i t a t i v e   a s p e c t ,  and t h e   a c t i v i t y  of  enzymes,  determined i n   v i t r o   ( a s  w a s  
done i n  the overwhelming  majority of p a p e r s ) ,   p o o r l y   r e f l e c t s   t h e i r   a c t i v i t y   i n  
an intact  c e l l  (Ref. 4 ) .  In  t h e   f i r s t   p l a c e ,   t h i s   r e f e r s   t o   t h e   t e r m i n a l   o x i d -  
ases of the e l e c t r o n - t r a n s p o r t i n g   c h a i n ,   s i n c e   t h e i r   n o r m a l   a c t i v i t y  is  p o s s i b l e  
only  when they  have a s p e c i f i c ,   m u t u a l   o r i e n t a t i o n   ( R e f s .   5 ,   6 ) .  

Therefore ,  we have  conducted a series o f   expe r imen t s   t o   i nves t iga t e  the 
q u a l i t a t i v e   c h a n g e s   i n  in tac t  cells  i n  t h e   r e s p i r a t o r y   c h a i n ,   a r i s i n g  

* Numbers i n  the marg in   i nd ica t e   pag ina t ion  i n  the o r i g i n a l   f o r e i g n  text ,  
. " - . . "  . . . . _  . 
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TABLE 1 

CHANGES I N  THE ACTIVITY OF TOMATO O X I D I Z I N G  ENZYMES UNDER THE 
INFLUENCE  OF GAMMA RAYS 

Degree  of  r ipeness 
of t h e   f r u i t  -- 
t h e i r   c o l o r a t i o n  

Green 

Whitish 

Rose 

~~ ~ 

Dose  of^ i r r a d i a -  
t i o n ,   i n   k r a d  

~~~ ~ . 

L 
~ "" _ _  

0 ( c o n t r o l  
f r u i t )  

300 . 

0 ( c o n t r o l  
f r u i t )  

300 

0 ( c o n t r o l  
f r u i t )  

300 

. .  

A c t i v i t y  o j 
cytochromo- 
x i d a s e ,  
a r b i t r a r y  
u n i t  

. . 

i l  

0.0063 
0.0068 

0.0065 
0.0070 

0.0036 
0.0047 

A c t i v i t y  of 
peroxidase,  
a r b i t r a r y  
u n i t  

2.73 
3.96 

3.74 
4.36 

2.68 
2.93 

Activity of 
ascorbino- 
x i d a s e ,   i n  v!L 
of 02/g.hour 

124.5 
145.3 

101.7 
108.4 

61.4 
68.2 

du r ing   i r r ad ia t ion .   Fo r   t h i s   pu rpose ,  w e  h a v e   u t i l i z e d   t h e   s p e c i f i c   i n h i b i t o r s  
of   separate   groups  of   respiratory  enzymes:   cyanide,   azide,   ant imycin a ,  whose 
p o i n t s  of ope ra t ion  are w e l l  known (Ref.   7).  We have   chosen   t he   i nh ib i to r s  of 
t he   t e rmina l   ox idases ,   s ince  i t  is p r e c i s e l y   t h i s  segment  of  the  electron-trans- 
port ing  chain  which i s  most  productive i n  terms of  energy  (Ref.  6). 

The a n a l y s i s  w a s  performed on s l i c e s   o f  w a l l  t i s s u e s  from the   seed  / 7 1 2  
c a v i t i e s  of  tomatoes i n  a Warburg apparatus .  The incuba t ion   cond i t ions  were: 
40 min,  30°,   phosphate  buffer pH 6.6  (using  cyanide  and  azide)  and  6.8  (using 
an t imycin   a ) .  We have  taken  the  difference  which  did  not   exceed 10% of t h e  
average  value as an  admissible   divergence  between para l le l  determinat ions.  

The experiments were conducted  according  to  two  schemes. I n   t h e   f i r s t  
series of  experiments, w e  s u b j e c t e d   g r e e n   f r u i t   t o   i r r a d i a t i o n ,  and  then -- 
based  on  the  degree of t h e i r   r i p e n i n g  -- w e  kep t   t r ack  of t h e   q u a l i t a t i v e  changes 
i n   t h e   r e s p i r a t i o n .   I n   t h e   s e c o n d  series, w e  i r r a d i a t e d  tomatoes of v a r i o u s  
degrees  of  r ipeness,   and  determined  changes  in them i n   t h e   r e l a t i v e   r o l e  of 
v a r i o u s   r e s p i r a t o r y  enzymes. The r e s u l t s  of   the two series of  experiments  agree 
w e l l  wi th   each  other   (Table  2 ) .  Under t h e   i n f l u e n c e   o f   i o n i z i n g   r a d i a t i o n   t h e  
r o l e  of  the  enzymes,  containing  heavy metals i n   t h e   p r o s t h e t i c   g r o u p  and  sup- 
pressed  with  cyanide,   sharply  decreases .  A l l  t h e  enzymes that   have  been  s tudied 
by us are s e n s i t i v e   t o   c y a n i d e ,   a n d ,  as was already  noted  (Table  l), they do 
n o t   l o s e   t h e i r   a c t i v i t y   d u r i n g   i r r a d i a t i o n .  A t  t h e  same t i m e ,  t h e i r   p a r t i c i -  
p a t i o n   i n   t h e   a b s o r p t i o n   o f  oxygen  drops  from 80% i n   t h e   c o n t r o l   f r u i t   t o  0-10% 
i n   t h e   i r r a d i a t e d   f r u i t   ( T a b l e   2 ) .   I o n i z i n g   r a d i a t i o n   d o e s   n o t   d i r e c t l y  damage 
t h e   r e s p i r a t o r y  enzymes, bu t   t hey   d i s rup t   t he   no rma l   pa t t e rn  of t h e i r   a c t i o n .  
The d i s r u p t i o n   i n   t h e   r e s p i r a t o r y   c h a i n  i s  more  pronounced,  the less r i p e  are 
the   tomatoes   tha t  are sub jec t ed   t o   i r r ad ia t ion ,   Th i s  is c o r r e l a t e d   w i t h   g r e a t e r  

2 



TABLE 2 

THE EFFECT OF CYANIDE ( 5 . 1 0 - ~  M) ON THE ABSORPTION OF OXYGEN 
BY TOMATO TISSUES 

Degree  of  r ipeness 
of t h e   f r u i t  a t  t h e  
time of i r r a d i a t i o n  - 
t h e i r   c o - l o r a t i o n  .~ 

Green 

Whitish 

Rose 

Red 

. .  .~ 

I r r a d i a t i o n  
s t ages   o f   r i pen ing ,  % d o s e ,   i n   k r a d  

R e s i d u a l   r e s p i r a t i o n ,   a c c o r d i n g   t o  

1 G r e e n -  
. .  . 

0 ( c o n t r o l   f r u i t )  
90.7 300 
21.9 

0 ( c o n t r o l   f r u i t )  

- 0 ( c o n t r o l   f r u i o  

- 300 
- 

. 300 - 

0 ( c o n t r o l   f r u i t )  - 
300 - 

. . - .  - . . - " ~~~ 1"- . -  

" I 
33.2 

112.4 

44.0 
99.3 

1 

. " 

Rose 

58.2 
85.9 

63.7 
91.5 

63.3 
88 .6  
- 
- 

~ " - 

Red 

71.4 
96.3 

7 4 . 1  
92 .0  

78.5 
95.2 

69.2 
95 .0  

d i s r u p t i o n s   i n   t h e  rate of r ipening   and   the   degree  of r e s i s t a n c e   t o   p h y t o p a t h -  
o g e n i c   m i c r o o r g a n i s m s   i n   g r e e n   f r u i t ,  as compared wi th   r i pe   ones   (Re f s .  2 ,  1, 
6, 8). 

The a p p l i c a t i o n   o f   o t h e r   r e s p i r a t i o n   i n h i b i t o r s   c o n f i r m e d   t h e   d a t a   o b t a i n e d  
when cyanide w a s  u t i l i z e d   ( T a b l e  3 ) .  

TABLE 3 

, . . ~ =- ~ . ~ 

I n h i b i t o r  

" . .. . "  = 

Azide 
( 5 - 1 0 - 3  M) 

. . ~. . " . . " . . . . . - .  - " . . . - . .~~ ~ 

Dose  of 1 R e s i d u a l   r e s p i r a t i o n ,   a c c o r d i n g   t o  
i r r a d i a t i o n ,  
krad 

~ "" ~ _" " . _. 

0 ( c o n t r o l   f r u i t )  36.4 
300 

0 ( c o n t r o l   f r u i t )  49.5 
300 104.7 

s t ages   o f   r i pen ing ,  % 
". - .. 
Whitish 

""" ." . ~,. ~. 

. . 

42.6 
65.6 

63.9 81.0 
124.8   115.4  

A f t e r   t h e   i r r a d i a t i o n ,  w e  observed a s h a r p   d e c r e a s e   i n   t h e   s e n s i t i v i t y  of 
r e sp i r a t ion   t o   az ide ,   wh ich   suppres ses   t he   me ta l - con ta in ing  enzymes,  and t o  
antimycin a ,  w h i c h   i n t e r r u p t s   t h e   t r a n s p o r t  of e lectrons  between  the  cyto-  
chromes b and c 1 1' 



Thus ,   i on iz ing   r ad ia t ion   s t rong ly   i n f luences   t he   t e rmina l   ox idases   o f   t he  
r e s p i r a t o r y   c h a i n  -- i n   p a r t i c u l a r ,   c y t o c h r o m e s .   S i n c e   t h e   i n t e n s i t y   o f   r e s p i r -  
a t i o n  is  n o t   l o w e r e d   i n   t h i s   p r o c e s s ,   t h e r e  i s  a b a s i s   t o  assume tha t   du r ing  
i r r a d i a t i o n  and  other   types  of   inf luence  (change  of   temperature ,   mechanical   in-  
j u r i e s ,   i n f e c t i o n ,   e t c . ) ,   t h e   p r i n c i p a l  way t h a t   e l e c t r o n s  are t r a n s p o r t e d  
through  cytochromes -- cytochrome  oxidase -- is rep laced  by a l t e r n a t i v e  ways 
which are less e f f e c t i v e   i n   t e r m s  of energy. 

I n   t h e  case of   non-rad ia t ion   in f luences ,  i t  i s  assumed t h a t   t h e   t r a n s f e r  
o f   e l e c t r o n s   t o  oxygen may be   accompl ished   e i ther  by f l avopro te in   ox idases   o r  
by autooxidabelian  cytochromes  from b group  (Refs. 9 ,  1 0 ) .  Poss ib ly ,   the   cya-  
n i d e - r e s i s t a n t   r e s p i r a t i o n   o f   i r r a d i a t e d   t i s s u e s  i s  also  accomplished by t h e s e  
enzymes. A s i g n i f i c a n t   a c t i v i z a t i o n  of p e r o x i d a s e   i n   t h e   i r r a d i a t e d   f r u i t  /713  
may be  consldered as an   ind i rec t   conf i rmat ion   of   th i s   assumpt ion   (Table  l), 
s i n c e   u s u a l l y   t h e   a c t i v i t i e s  of t he   f l avopro te in   ox idases   and   t hose   o f   pe rox i -  
dase are i n t e r l i n k e d .  

I n   t h e   l i t e r a t u r e ,   d a t a   h a v e   b e e n   a p p e a r i n g   r e p e a t e d l y  on t h e   r a d i o s e n s i -  
t i v i t y  of  cytochromes  (Ref. l o ) ,  and  on t h e   p o s s i b l e   r o l e  of the   change   in  
r e s p i r a t i o n   t o   a l t e r n a t i v e  ways when t h e   c e l l  is  i n j u r e d  by r ad ia t ion   (Ref .  11). 
It a l s o  seems probable ,   however ,   that  a change in   t he   t e rmina l   ox idases   o f   t he  
e l e c t r o n - t r a n s p o r t i n g   c h a i n  i s  important  not  only  for  the  development of r ad i -  
a t i o n   i n j u r y ,   b u t   a l s o   f o r   t h e   h e a l i n g   p r o c e s s e s .  We have   the   fo l lowing   bas i s  
f o r   t h i s   a s s u m p t i o n .  

F i r s t  of a l l ,  a change   of   the   enzymat ic   sys tems  in   the   resp i ra tory   cha in  
is observed i n   t h e   c o u r s e  of plant   growth,   and as a r e s p o n s e   r e a c t i o n   t o   i n -  
j u r i e s .   consequen t ly ,  a t  a s p e c i f i c   s t a g e  of t h e   r a d i a t i o n   i n j u r y   t h e   c h a n g e  
i n   o x i d a t i o n   t o   a l t e r n a t i v e  ways may r e p r e s e n t  a physiological  change,  guaran- 
t e e i n g   t h e   h e a l i n g  of t h e   i n j u r i e s .  

Secondly ,   recent ly  i t  has  been shown t h a t   y e a s t ,  which i s  d e f i c i e n t   i n  
cytochromes, i s  incapab le  of pos t - r ad ia t ion   r egene ra t ion   (Ref .  1 2 ) .  This  may 
b e   p a r t l y   t r u e   b e c a u s e  it does  not  have  any  auxiliary way of t r a n s p o r t i n g   e l e c -  
t r o n s .   F i n a l l y ,  w e  have  observed  that   the   accumulat ion of ca ro teno ids  con- 
t i n u e d   i n   t h e   f r u i t   a f t e r  i t s  i r r a d i a t i o n   w i t h  a dose  of 300 krad  (although 
m o r e   s l o w l y   t h a n   i n   t h e   c o n t r o l   f r u i t ) .  The normal   reac t ion   to   mechanica l   in -  
j u r i e s ,  and some a b i l i t y   t o  resist i n f e c t i o n  were a l so   p reserved .   consequent ly ,  
a n   a u x i l i a r y  way of t ranspor t ing   e lec t rons   can   quarantee   the   metabol i sm  in   the  
i r r a d i a t e d   f r u i t ,   a l t h o u g h  a t  a lower level as compared wi th   t he   nom.  

The view  expressed  above  requires   r igorous  experimental   confirmation,   which 
i s  t h e   g o a l  of f u r t h e r   r e s e a r c h .  

All-Union S c i e n t i f i c   R e s e a r c h   I n s t i t u t e  
of t h e  Cannery  and  Fruit-drying  Industry 
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